Uptake of the lipophlic cation triphenylmethylphospbonium into mesophyl protoplasts of oat (Avena sadva L. cv. "Garry") approaches equilibrhm at 3 to 4 hours. The resulting extenal and internal concentrations are then used with the Nernst equation to obtain a membrane potential of -62 millvolts, inside negative. Potentials En= 59 log C activity coefficients are omitted and a temperature of 25 C is assumed. It will be shown that the radioactive lipophilic cation triphenylmethylphosphonium (TPMP+) is accumulated in oat leaf protoplasts against a concentration gradient and the membrane potential is estimated to be in the order of -62 mv, inside negative.
It is becoming increasingly evident that protoplasts are suitable material for studies of physiological properties of membranes. One reason is that free space determinations are usually unnecessary for these easily manipulated cells; thus, more quantitative estimates can be made for membrane-regulated events such as proton, mineral ion, and solute fluxes as well as for investigations into hormone transport and mode of action.
An important parameter for these studies is the membrane potential which is both a result of, and tends to regulate, transport of charged and uncharged species (6) . Membrane potentials of +10 to +15 mv, inside positive, have been obtained for Acer pseudoplatanus protoplasts (5) and for protoplasts of six other species (14) . These values were obtained by impaling cells with microelectrodes, and are strikingly different from membrane potentials of cells in intact tissues which are negative inside.
Even though the results for seven species of protoplasts were consistent (5, 14) , the possibility exists that these cells cannot withstand microelectrode penetration as effectively as fully turgid cells in situ. Furthermore, fluxes of Rb+ and amino acids, which depend in part on a membrane potential which is inside negative (2, 8) , showed similar characteristics in both intact tissues and protoplasts (ref. 13; and Rubinstein and Tattar, in preparation). I decided, therefore, to estimate protoplast membrane potential without using microelectrodes.
The procedure selected was described first for organelles by Grinius et aL (3) and has been used subsequently for bacteria (4, 15) , Thermoplasma (9) En= 59 log C activity coefficients are omitted and a temperature of 25 C is assumed. It will be shown that the radioactive lipophilic cation triphenylmethylphosphonium (TPMP+) is accumulated in oat leaf protoplasts against a concentration gradient and the membrane potential is estimated to be in the order of -62 mv, inside negative.
MATERIALS AND METHODS
Protoplasts were isolated and purified by a modification of the procedures of Kanai and Edwards (10) . Leaves of 7-day-old lightgrown oats (Avena sativa L. cv. "Garry") with the lower epidermis removed were plasmolyzed for 15 min on a solution containing 0.6 M sorbitol, 29 mM sucrose, 20 mim MES-KOH (pH 5.5) and 5 mM MgCl2. Cellulysin (Calbiochem) and DTT were then added to a final concentration of 0.5% (w/v) and 2 mm, respectively, for 2.5 hr at 33 C. The released protoplasts were filtered through 70-,um nylon mesh and centrifuged at 400g for 2.5 min. The pellet was first resuspended in 0.6 M sorbitol, 29 mm sucrose, 50 mM HEPES-KOH (pH 8.0), 5 study (Table II) shows that the TPMP+-determined Em is depolarized 12 mv as the pH decreased from 7.3 to 5.5. This depolarization can be compared with depolarizations determined with microelectrodes of 23 mv (from -148 mv to -125 mv) for oat mesophyll cells over the same pH span and 25 mv (from -120 to -95 mv) between pH 6.5 and 4.0 for oat coleoptile cells (2) . The addition of KC1 depolarizes the TPMP+-determined Em from -60 mv at 1 mM KCl to -44 mv at 30 mM KC1 in the experiments shown in Table III . These data can be compared with a 58 mv depolarization (from -140 to -82 mv) seen with microelectrode methods when the KCI concentration around oat mesophyll cells is increased from I mM to 25 mM and a 60 mv depolarization for oat coleoptiles over the same concentration range (7).
Using microelectrodes, depolarizations of the Em have been reported after the addition of respiratory poisons (6) . In the experiment shown in Table IV , addition of 2 mi NaN3 or 50 ,UM CCCP for 210 min decreased the TPMP+-determined Em 29 mv and 33 mv, respectively. These results can be compared with a 30-mv depolarization (-146 mv to -116 mv) for 1 mm NaN3 and with a 45-mv depolarization (-148 mv to -103 mv) for 50 AtM CCCP measured by impaling mesophyll cells in situ with microe-
lectrodes. DISCUSSION
One criterion for using the Nernst equation with a passively accumulated ion to estimate the Em is that the internal concentration is determined after equilibrium has been attained. While the time courses (Fig. 1) show that uptake does not always level off completely by 3 to 4 hr (the time at which the protoplasts begin to deteriorate visually), the potential value being obtained may still be reasonably close to the actual value. This is because Em is related to the log of the concentration ratio; thus, if the TPMP+ concentration at equilibrium were two times higher than the concentration at 210 min, the Em would change -18 mv. Even if the TPMP+ concentration within the cell at 210 min were considerably below the equilibrium value, it is obvious that the Em is negative inside and it is possible that information could still be gathered regarding relative differences between inhibitory and stimulatory treatments.
Another criterion for the use of TPMP+ is that the cation is distributed uniformly within the cell. It appears that the cation is not bound to cellular components (Table I) , but a uniform distribution within a multicompartmented structure such as a protoplast is unlikely; it must be assumed, therefore, that the value for internal concentration of TPMP+ represents the average of all compartments and is largely that of the vacuole which occupies over 90%o of cell volume. Similar problems regarding the identity of the membrane across which potential measurements are made also plague investigations using microelectrodes.
Compared to the microelectrode-determined Em of mesophyll cells in situ (-140 to -150 mv), protoplasts at -62 mv are depolarized, but they are still electronegative with respect to the external solution. An Em with the inside negative is consistent with predictions made from uptake studies of Rb+ (13) and a-aminoisobutyric acid (Rubinstein and Tattar, in preparation), but is opposed to literature values showing the inside of the protoplast to be electropositive compared to the outside (5, 14) . This contradiction may be related to the method of measurement, i.e. the insertion of a microelectrode. It is possible that protoplast turgor pressure, which is near zero, changes the elasticity of the plasma membrane such that it makes an incomplete seal around the microelectrode; if the microelectrode tip were in the vacuole, the Em would then be measured across the tonoplast. Positive potentials have been recorded for isolated vacuoles (12) .
One disadvantage for the use of lipophilic cations to measure protoplast Em is the length of time necessary to reach equilibrium. This has been obviated by Komor Finally, estimates of Em using TPMP+ could be made at shorter times by measuring influx (Ji) and efflux (J.) from preloaded protoplasts. These values could then be used in the Ussing-Teorell flux-ratio equation which can be written:
E. -59 log C'J gCi-Ji
The chief advantage of measuring protoplast Em with lipophilic cations rests on the comparative harmlessness of the method. Oat leaf protoplasts are extremely labile (1) and may not be able to survive the trauma of penetration by microelectrodes. Even if the absolute values of Em cannot be determined accurately because of the length of time for the cation to reach equilibrium, it may still be possible to study the qualitative effects of various treatments on Em.
